Abstract-This paper proposes a new expression of frequency numerical example is given to demonstrate this issue.
I. INTRODUCTION totically stable single-input/single-output continuous-time system of order N with the transfer function H(s): In the linear system theory, state-space representation of linear systems plays crucial roles since this approach can describe dx (t) Ax(t) + bu(t)
(1) internal states of the systems, as well as the input/output reladt tionship. The practical applications of the state-space systems y(t) = cx(t) + du(t) (2) to the field of circuits and systems include model reduction
[1], [2] and synthesis of digital filters of low quantization where u(t), y(t) and x(t) are the scalar input, the scalar output effects [3]- [6] . In such issues, the controllability/observability and the state vector with the size of N x 1, respectively, and A, Gramians play crucial roles since they are vital to analysis of b, c and d denote coefficient matrices with appropriate size. the dynamics of systems.
The coefficients (A, b, c, d) (A, b, c, d ) is assumed to be asymptotically stable, shown that, given a prototype linear state-space system, our controllable and observable. frequency transformation can transform it into other stateThe transfer function H(s) is invariant under nonsinspace systems which have the same Gramians as those of pro-gular transformation matrices T of the state: if x(t) is totype state-space systems. Therefore, our proposed frequency transformed into T1 x(t), then the new state-space systransformation preserves useful realizations of prototype state-tem (T1 AT, T1b, cT, d ) is an equivalent realization to space systems such as balanced realizations, and allows us to (A, b, c, d) In this paper, the constant A,, in (6) is assumed to be 0,
III. GRAMIAN-PRESERVING FREQUENCY
i.e. 1/F(s) is assumed to be a strictly proper rational function.
TRANSFORMATION
Under this assumption, the function 1/F(s) can be described This section presents our main result: frequency transforin state-space form as mation which preserves the Gramians of prototype state-space 1 -y(sIM-a<113~~~ ( 7) systems. In the above equations, 0 denotes the Kronecker product for where Q is the positive definite matrix satisfying (8) and (9). matrices. * X Substituting (31) into the left-hand side of (8) and using the is the Gramian-preserving frequency transformation, i.e. the relationship of (9) and (32) 
Comparing (44) with (51) Our frequency transformation preserves the controllability and observability Gramians of prototype state-space systems, and allows us to easily realize various kinds of state-space systems keeping the same realization as that of prototype state-space form as systems.
In this paper, the reactance functions for frequency trans- (43) work.
The state-space system (43) balanced truncation and some new results," International Journal of Control, vol. 77, no. 8, pp. 748-766, May 2004. d = 0,~~~~~~~~~~(49) 
